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Background Art 

\mm A logging operation in a borehole consists In physical measurements 
allowing ro deSerrrmm properoes of a formation surrosrsbog ide borehole. The 
eases so ooaoots allow for as. sank" to detect so oh reservoir wibhn the idroookoo 

|f)W3| Id.C.f 1. schenmbealiy idastrates an example of a logging operation from 

prior art.. A logging, tool lbs) o located m. a borehole 101 peo.etrat.ing a formation 
d N ho i-^-'i e ,j • v v ^ mwsoo-m v eo en 

e^OsOs^a^oo 1 he x - v v m \ v a . » 

|dntkh| The logging too! 100 h hovered io the borehole 10! by a eshle 104 sod 
slosvly raised be a sariaee aqs.oneaoo'. iff over a sheave wheel 1 06 while the 
logging daia is recorded, A depth of the logging tool i 00 is measured using a 
depth gauge 10 vhleh measures a so t Ibpiacemems 

\mmS\ The lagging tool ssy father comprise signal, generating means 1 10. e,g. an 

acoustic traosciocet: an eisctrochs etc. The signal gerrestumg rrmans 110 allow to 
excite has formation 102 with ao exeheag signal. A response signal generated by 
Oases a - 1, a, as so. as .a air \ d tlana.h mas be measured at the 



eanadon 102 ^ . a parous mad' 
s : ,e , u ^ v - w -\ - 



, any tend io egg; adnata eaese > 



20 / is composed or adsaroeo canou 
... 1 S v^n diffused L 



3 ^ Oho 

ana comprises an electrolyte 303 and a matrix 302, i.e. a solid portion 

\ oaeda.aa, The matrix is essendaliy constituted of solid particles 307, 
pardde 30? is surmuraded by an electric double layer 306, dee to an 
ng v ,v vv s a vss ■ - s v ^ " v.i'vueo a \ 

stive motion heoveee tee .matrix. 302 and die eleeirolyte 303 generates 



dirccth has genera 



The solid particles 307 arc hence also moved, 
[ClOOi When provided by an cba.romagn.eiie ilckL the moving of the solid 

s O ' n V V Ws V s ^ . .X WW < 

document, 

solid particles 307 or a flow of the electrolyte 303 is referred to as an seismo- 
eleot.uuoago.etie effect in the present document. 

1 00 tot Various medmns of prior art showing to characterize a formation are Oased 
< \ o \ i 

\ N 0 \ ergcr Well Surveying C 

pnbb lo:d Novomba fo 1957 describes a Oral method On del ctira germe; 1 
OwmaOoas among a formation surrounding a borehole. 1 he fust methoO is Oased 

to move in a.a oscillatory iruasner, T he moving of the dual is controlled by a 
viscosity and an inertia of 'the fond. An effect ef the viscosity on the moving of the 
.fund is a function of a perawability ef the formation.. For a penality of formations 

* v x \ x ^ n > x v \ with 

One pern uuOoh ties of the forma 0 com 

formation Inuwmhws arc obtained of a phase displacement between the periodic 



1 v s - \ ^ 

v ss^- \n v \ \; m n e-e v , <e \ - em sC 

vvhb e o haupamco s oubenes adialh \ seismh shmal vvUhia a Ho- dago \ nab of 
samrodes above sod below do; seismic source allows to record a seismo-eiectrlc 
signal, The seismic source Is lowered ha the borehole and a I loos to provide a 
cmuuraoas logging of a tormatmr? SiaToondieg the cored oh:. The recorded seimno- 
electric signal allows to provide a raw evaluating of dm gernmaPllug of the 
ionaanoa. 

| bib Patent b.fdbPdd- to Gas Research iastioao pebilsbed May gg !9o5 
describes- a third me: bod tor determining a permeability oils sample toroenlcn. 

;] A pressure Is applied to a fluid of the sample iormatioo and. an iodoced 
v gw, n - - : eg eoomeoeo vvv s c> acar fee 

agpllaanea MAald pressure. A gbRreebal ileal pressare in the sample IProiaUou 



N ^ n .m 



|CM!24i v s v s s n 

f0825| r>, i'.-r:, !»: 0/ »\ w o \ , w , ; g % . , »j* uev 

ue. the iUfforenrmi fluid pressure una dm applied voltage signal, end induced 

^ , \ \ s v v fluid 
pressure, 

|fM)2b| v \v\ 

permeability or a format km. senmuKl lag u borehole. Indeed, a retaicake amnbly 

|dd2?| x ' • * x - - 1996 

describes u medsod adosvmg to remove ebecta doe Us a nmdeake vvben applying 
the third method within a borehole. 

9)9291 , ^ 



sake end .in a dasreaiou surround lag the borehole. A charactemdc 
bus - , x < \^ ,^ 



I pressure diffuses ano a fund of e porous medium acceedrag 
ae. la mac t the nressure drop oe.eetra.tes a distance I accord! 



5 coeotant.. dm dbttrsioa constant being ebaraeterleb 

above, \vbee performed over a range of frequencies 
am-on vs et^ . \\bn ntiienoe , oumtofd- 
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tormagoo surroaocarsg a horehoka A transnatwe eogarts acoustic energy mepukes 
Into a hguat fahag the odsksc. lee acoustic energy bnpalses reach a wall of the 
wakbore -and propagates m the formation. An acoustic response signed may be 

|<M>J4| The gensmhsor may generate - arioaa modes of aerers.de waves vekhin the 

keoawaec e.g. keggoahaA waves, shear wave, Seam Ay ease, 

(0035 j , \ x , , - v 

relatively large augdaudc A seisaaeelcctrte Stonehg siped Is synthesiaed then 

beoveen the syntbeAaed selsnaeeleetric Saoneiey signal are! the recorded Stooetey 
a deeed eie>; Lrkad voltage is c-ak ; heed i he hot a vs no of the ; o o ha adgrsn d 
according to the ddierertce. The syotbeAaing of the scismo-ciectrie Skoneby 
signal, the ealealatnag of the difference and the adjusting of die porosity are 
repeated until the eiAerenae drops hehyw a grcdetcrtuiaed fareshohi. thus alknving 

|0036| Such an beep ve Iroaaoslon method mats be apghed to art estioiatirtg of s 
< \ , A m , 

propagating of a seisrrnc erase in tt aortitis emctheat of the fcs'ttiatiou, 
ktsAal > v v , o \ X \Wv 

since o w s , « - N ^ o;e; \dniug to the 

s\ " N Ov " v.v. v V ^ W ^ e 

equations for the eoegled ekctromageetm and acoustic of porous medkff. Phys, 



b 



lanay 

wavelengths, \\nd h allows a- keep only qioousunk terms a the dlaavwelld 

considered as low v ereacady edeois at the dlaxwehd eqmaknw are neglected. 
P>4#] x v \ s s v s te wdraaaas 

10041 1 ^ =C^al|ld4'li fd^-W+SpM, \ (eq { ) 

11111421 * 

lea- ap s s < \ \ sits 

h>044j at©} represents an overall eieeidesJ conductivity of the parous medium as b 
dewdoe of the angular frequency m; 

k !! * 1 

iClhddl , , 

pHoay N s s ^ 

ha'aigs v, N 



iddadl , , ^ o ^ m - 

condactdity of t he dual of the fwm.ukm 

l<H# 1 1 The third method fak to e<kc Imw eonsklertmon a possible P tx>pagattng of & 
aaiamm wave In a matrix all the porous auahana The caopkny eaaadea between a 
pressure aad an adnata: dak! Is written In such a aaeaoang model as: 



IdiSdl J ■ o(a))h - d(op) vdP 



I s v a penoeanaev rn: ear parens meonmi is nance \ in. toe 

f F antra imona a. second coupling, eaanuioo may be wnuen in the streambg 

; i whc.o W represents e v d-sobd menu 

1 kpo) represenns 

'■■I n represents a Pard vbscosky, 

: | The modes described by graven Pride seeds to a Prided second coupling 



, .... ... , . r < k(m)r „ « ] 

• r cdir ■■■■■■■ Li a) }t s — ■ \ VP -t- m & p ,u.\ 

tJ * 



\onoo vO loxeoio 
list aspecg the invention pro v dies a method for cheraeierkrng 



n me ^ > o , \ ^ - m s 

sn with an ehrctronsagncPe esoae.ig Pern. An eiecrroooarneev 
ced by tbe ebanronaegmaie exebmg Peki vaithi.Cs the formation 
s s , «t ev, Pm on.or;cd 

eic ag.i.ns en oasty.eed o videnor chars; ; . ;g parameters 
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ey use asraouooc 



v v on of \ bnanauoa ore esdouued iron; oho awosbe re ,;p 0iise signal. 

bag ooodeeeb by me eiecm.}maarrebc one ding, bleutroniagoetxo propeni.es of 
i uvdoo are esuai ued iVore iho oh , trans ignetk ; pons? sign b 

In a third preferred embodiment has method dothor eooipriaes soke 
del v n > v v s s \ v sst > ee 

lees - , v , : a'Oss do synth 

seKodeerramagnedc signal and do: measured seisoseeiectroomgioo'ic sign; 
ieobued, A second diilereeee batsseen tin; synthesis ciecdsnosgnede-se'ls 
and arel the measured o;oeto:enaoeeu;--seonr;u signal is calculated. 1 do value 



Iwranoo respective 
emined thresbok 



xi embodiment tire emersion rename ere 
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dxth preferred 



a revaiud pvcferred enaxalnneuL lire ;-oeerK>-obeirorrarg: 



;rcs erred err; bod ueern' the ekaen-on Usgnetoo 



Kaaan on* 
; wave OH 
e > ^ a aerarre Lao 



aou:- toe inrrrosoor; oao; an ekorrormo ; 
evea re measure an deeoonooo'ieoeseu : 



kanoe»-o 
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rave esdoa ihe ;>:frrn;n : 



aonasta; wave widen the foro-adon, 

|C?ln51 hi p 

|O0%| ■ ■ V xs 0^ , , is a 

M«r~j ^ n v ' x least 

ooa additional electro era pned a raaawar and .n least oce :;d-. hedged aeousdc 

pstrtp Other aepeets end advantages of the inverahon will be apparent from the 
Menvhvg description and tha appended cbdnva 

HuefOcH-npynn of Draw togs 
ddf-sp s x from 

pegpd 



mm I i a .: s sohxenaOwhg aaaaenos aa as a ogee oi a s\ stem aeeotchog to the 

present neendon 

dK^5 s - v s v x v,e\ x e\ s > x. ^ wnx 

preferred embodiment of the prose- -a. soonaon. 



embodiment of the present invention , 

fbbbS] 

paras tenes a! a ton a$ n s rn t ad at ^ bore u be am J ng to i 5 embodiment ei 
the present mvemlom 



Beta bed Description 




aborning to measure the seisnm-electbo ograa. Aberaaavely. a eunyaebe debt is 
maaaared. tbas ahowiog to meaeare the seisoonmagnetm signal. Aberaabvely, 
btaii t,be eleeaie bald am! the ekaurornagoebe bald amy be measured. 



b>ooe v N N v uury 

desigome a seitnoomleetne signal produced by so acoustic signal or a sebna> 
magnetic signal produced by die acoustic signal 

btOPPl s 0 provide an electrical ear a , 

n ao u : , N \ s \ao\ v -icoal v \\v ^ mo -a mooamm 

\s s only nayuvtu die 
orosgnetomcianbe signs.! induced rabbin the formation may be designated as 

In the present deseripbray the term Abeetromagneanseisrnim designates 
an electromcisniie signal produced by an electric eaoltation or a magneto- 
a signal produced by o magnetic eacbation, 

Cbamoteri.ai.ng a ibraouioo surrounding a borehole,, e.g. mam aire a 

v ^\ to 



ibdodl 

oerme 



assess a potmmal moving of a daid m a porous raedarm. A gaaliPy and a qinttnity 
^ ^ e ^ ^ 

fCMMfi] - v s s s v> s 

on prodoedon, 

1111)921 v - % - * N * - v ^ N >* the 

loraaaiou. 

|CMI94| The second method and die fourth method from, prior an provide a 

measurement of a seisnm--eiectric signal produced % a aehmA signal Sach a 
measurement allows to evaluate a porosity of the formation, as performed in dm 
fourth method,. 

hhOpy hi do ad maahod ho seisene signals ... enemted n multiple 

frequencies and anrphtades of the selemo-edecoio signals produced by the selsuue 
Ignab arc tram axed at card fmquetag wh ah aflovo m evaluate tie pernmabihp 
of tho formation. 

lOnsaA „ ^ m m , 

of a formation, 

44400 F|C p 4 sd-eeoaaieaify ilhnhrams an m » m of a > according to the 

present invention, Acoustic vstves and electro magnetic fields are represented on 
FiCA 4 h ao'cnrs add, 404, „ o. 4 5 , of aod 4 44 

OMKhad v , , ^ 

surrounds a eomhade 40.2. The system may omaense a logging ami 4-07 to- ho 
kmend am me K*oho, " M.om^i^h, On. -worn mys he hv,md at a 
sarthee of the f orann ioa 401 , 



;i ' , Ag.. 

magnetic eachtng held 41; within the lermado 
ti c receiver 403, 

09 Ok: -liquor 0 eleetfonngoteto-seianTia si 
erh na paramo on 5 in ha n; n - 101 i'hc o* 



mvaaaa yaaaaanag aa a nenneabhay 



On the hnntatien 40 L Oa the third method then 
uses into a fluid of the formation The perme 

5 propagating of an aeoostic wave in a porous 
> ihe present invention allows to provide a more 



r be third casta b wa . prior art In ganicalar, the logging loo; 407 amp enw.raah 
be spaced from wails of the borehole 402 and new be easily displaced so as to 
allow a coutbmous eiwrac terming of e formation as a Ibrictioo of depth, 

|Q6itt5J Alternatively, the logging tool amy contact ' waib of the borehole. 
V -d ^ o w o \ , ^ 

acoustic receiver 40a may be a single device., as represented In FIG, 4. 
nt aeoaetie t N x x s , t distinct ues 

fOOJO?] One or mote additional acoustic reeeivw(s) foot represented oo OKI, 4) may 

X x , x x \ X ... W , ' ss s S X 

an array of acoustic receivers, 

^ sN s x. s s x c reecho 

404 may be a. single device, as represented In FIG. 4, However, the 

ecnornagnetie on iwnu elecuxaaagtie * y be r 

devices, 

a *o x _ , , t ^ o o ^ o s N 

add atonal eleeawoaymens receivers may bare an arras- of aeossdc receivers. 

plltOI bw a J\x w acraistic emitter 403 and the cleemomagnotio emitter 404 are 
banned onto the logging tool abb. The aeoasbc nave 408 ami the eieenomeguetlc 
exeitwg field 41 1 are berate generated at the logging axb 407, 

fOOJl'rf s. x s aw s sx Ox 

X ^ X X \ s X x \ a \ X x v x 



1001121 AberaaOvely, the measuring of the x vv s signal may be 

performed by measuring a magneto: field tody I.e.. the se I snn> el ectroto agnatic 
signal is a seis.mo-mag.aet.lc signal. 



piiO] the .«m. : 



v nd a ; the excenga oi he no> oath the alectronrngnede excibn 
only nbaatrxx. a.n ekxxro-oeoraae segaal Is sabaegsooalg raeasored. 
Alteroadveg . the exciting of the iorraation with the eIecox>nnggexd 



nexraa: reeo.. me xnxeanoa o exca.ee nae ecaa en eaxooe excorag Ik 
ra.i a nrngnetk- exciting held, ehher snindnoooaaslg or not ha this deter esse, ox 
i.g.aais nuxv he nn-^-uwl den axon eg u> s.vk ,* cue- . e. :d^y. of t 

X s % \- t s :c s 

V ^ ^ N V O V V. e\ N , < s V S 

^ , ,0,^0 > a v N , v s 

roduced by the acooxtio exciting. The acoustic response signal 410 may 
oaoared at the aeoostie reeesver 403, as regresesaed in Fled a. or at any <>0 

V N v X V s ) U \ 



none resgooxe signal 412 raag he meaaared a; ;he eketnnnagoetr- 
represented : l ; 1 14. « or at any other receiver showing to oreasur" 
die signal. 

ehenxaheaOg idastreaca an example of a system aeeordmg to .. 

\ N , s - dx ,eo 

sarroarabng a borehole Site. The system's congasscs a logging tool 



. v re eieea-x - 



id 



m FICif. 5). 

dlOdccd Ketone mrdte* couvcosm a; m m .awic k\\H.?s ^ ^ in J an 
array , , ee e v , receivers 506 disposed onto the logging too! 50?. 

RIO Oof Various modes of the acoosOe wove now propagate vddim the tbrtntnitog 
e.g. s. dsn gnpiimdinai none or o sk.nv kegchodma.l seave. a shear wave. a. Stooeley 

receivers 506 adovv to properly nveasore sigosd providing, from a desired mode. 
paaU-g dortbemmno as a phaadby of acoustic receivers 505 is disposed onto tire 



deieedon and a. dieource t. two acoustic receivers 505, dnouaoh. 

electromagnetic properties of the i:orrcati.oo 50; ruay be easily determined doe to 
e.o . e.^ >*: . .a ;\ v < v .c nco- n 

I0O126I By ^electro gn e receive * . igmrte ehhe ro el ectno receiver or a 
v m v m v . , , v o -> e x ^ w ^ ^ 

osv to umaa seisoxo--ek > ; > j ■ y od < 

by tbc acoustic: vvcrve svithfe 'the formation. 'The ehmtroomgoene receivers 506 may 

.. , deki 

(electric or magnetic) is to be oieasored. 

*HM vO , s - n o%0 , x o 

the borehole 502 ao as to so as measure signals das log a relatively high arrgbOode. 
- - - v N \ v - v x the 
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electrccnagnefic emitter 504: typically a distance between each eiectroraagnetie 
receiver 506 and the eleeinnnagnetle emitter 504 Is relatively small compared to a 
wavelengdi of ilia acoustic wave. 

e aeo 5 5 y for example ht mule < * < 

material However, any other receiver allowing to ewasore a oxxhaaical algrsak 
e,g, a gteaeare land or particles eeloemes. rn;y be used. Preferably the acoustic 
waJwaN fn- ;s>c m \e ^ chx; 1 v , r .W v s . ^ v w>. , A - - ^ , v 
signals having a relatively high as.npliii.Kie. 

wMfx is a s\ w ^ „w * waaaeoc , a s a v , m Wewue , 

e > a \ N mo e v s o , v - 

or to three cava, 

f 001201 xlrnitatiy, If a vector quantity, c.g, a motion of particles. Is measured the 
.v^ooc s\a; ew ;fiw are canes rf w snaawonoe: - , ahr^ ^yfv^is so 
two axes or to throe axes, 

HM i , we des eliho ecoie emntar m 

ntagaede emitter, 't he electric emitter allows to excite the tore.wt.lon with m 
eleetric exciting held aaa the oxwmxle eevdoer allows it) excite the formation with 

v n x «. or ft 

eoomlnahori. lypioasha a treqaeocy range of the w ^ exciting held Is 

n n a . > ^ s w ^ v wo $ < creeks, s ;« \4axwe!f\ 

eqoamaw may be aegleetcd: dm c lac no at agnatic exciting field Is considered to he 
either the eieetrie exalting field or the magnetic exching itekt 

W < N The eleetromagnetie emitter 504 may for exarsqhe be aa electrode, a coif or 
ea.ry other device alarming to create an electric field or a exwowan ficki. 



lb 



excite die formation SOI wife an acoustic svave. The acoustic con iter 503 may be a 

" x W \ \ V \ ^ 0 \ . ^ W 

[save a smne ireoucney ocsne-u. The acousuc wave and i.bc electromagnetic 

signals, Preferably the frequency w below a critical frequency of tbe formation 
50b Typically, the frequency is below 5 ki be 

p>0O4| live acoustic exciting and the eTvSrcsnagnetic exciting allow to o.xeasnre 
low: signals (not wprrwwcf on PKT 5 } ; 

fCKIlaeJ •■ ao aconxhc response signed which is produced by Use acoosdc 
exciting, The aennsue response signal is measured ai the array of aeonsOe 
receivers 505, 

baibttq a > 

v « N sO S V - v \ h 

- nw ' ed c s wy ^ , v\S - , ,ew e - N 

|00l5?f - s n s % s s sx fee 

eiecuomagiwde exciting. The e Tc tows agiwde response Signal is measured at the 
array of eleeuoiwyywtw receivers 50b, 

phi 50 1 - v v s < v > s s . xaco ;s ib'vkvio 

etching field within the foruwiion s - The eiectromagiieuiweisubc signal Is 
measured si the array of electromagnetic reeeivers N 

100159] < i; ysh 

he hot arcO , vvs- at w w w we axxewe pwvom^ me e new nqu^nc 
„^ N we an w a\aW Xt b **wu w; evana^c 



in 



mixa s on 

proeesskg means \ The processing means SOB o . a computer kaaied at 
xnkxe a pnxxa-w vkbih tlio logjam vk -up mher -toxkc kkwam to 
evaluate i he aharaeterkiog sraanmiers. 

* ^ ^ e -■ - \ 10 at! 

embodiment of the present kaxa.nku. The iiuxhod allows to eharaeterke a 
kaoiatko soTTvaekhig a borehole. 

1.(101 41 1 The method eonmrisex exciting a formation with ait acoustic wave 
pfopagatkg into the formation (boa 61). A seisnaimleenawiagaeba signal 

Pv\ *ka \a ^awox >;p'.i -.\-n,^\. a> ^x* - •■. nm . > also 

asares ox 63 c >• o cot isooose s (boa 63 

be performed kkore the measuring of the selaaiowlsetnanaanedo signal (hex 62 g 
cater the measuring of tlx sekmoxaectromagnefb signal (hex 62) or 
simnhaoeonsiv. 

|6il42] x method kaiher comprises exeking a formation with an olectroiaagnede 

sN < x v t n the 

ekntroomgnedo exciting fieid within dec ibrnaaion la subsegaendy rneasured (box 
65), Ac aiocP'OiTsagncde resgmise signal corresponding to the c .m * * 

X XX N " ^ C X „ X X CCv O \" xO 

\ c she 

ocs n^\ 5 _- xx > v > > me * 5. »ai \ 0 s - -a- die aioaaia mg of die 
elecoxxnagneexxeiaink signal (box 62 P or soouhaneuoslg. 

1661431 The eamaag oka me acoustic o m, e {1>ox h i a die meaxm mg of the seismo- 
eieetnwnigoehe signal (box 62} ana die measuring of die electromagnetic response 
signal (boa 63) nag lx gerfo men after the caching with die electromagnetic 
x ( ■ > Mane 

geaeakv. the ox citing steps (boxes 61 and 64) and die measuring steps (boxes 62. 
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KU2; .• r.O 



- mode 

- . ^ n av - vO < Uv . ; \; , d >\! o\ .k <.h^u; 

(box 67), 

r ^ N i v s OX nay for e?< > b 

following an. beradve dwendon method: an ini-iaa! value of the aeousb 
is selected A synthesis acoustic response signed is synthesized from tb 
ise of the acoustic properties. An aeoasue odds coco between d> 
v \ n v - - \ . : 

The , VO: 

! 5* \ N , v v e \ v^vv b O^COs 

Jjestioo nosy do repcaeai audi , aeousde ddterence drops beaux : 

\bac^,i- . . 

Aariy. do: ebcvromagneoe response signal produced by th 



2 s 



ss v V , ,s " "O \ , - s s 

iof aa" roe wvv , e-, v .v^:v\ ;vn --^v ^ne -i - , , e- , - : k ; Jn. 

ekeiiOsaagneac properties is adjusted aecorrhag to the ekctrornagnet.ie dhtbreeae. 

.... the 

akaeikg -nay be reported until the ekeesanagnetk difference drops below a 
predetermined deeiroaasgnetk ihrebahd. 

«kao \ a , v aoeaa,,, ot u i \>\ - . a &6 

estnitathtg of dte deetrornagneik properties (box dtp rear' be performed with a 
method dktbnei tkvm the iterative naersion method. 
fbfkSb] Ftntherrnore, the acoustic properdea. e,g, a. value of the , »on for 

est; reeled Ikea another tagging measurement, 

100151 1 The eknnaheg of the acoustic properties (box 67) may also be performed 

ader the estimating of the eketronmgnebo properties tboa (kg or senahaneooky, 
pbaak The eshmahog abide acoestic properties ;box 67) end the estirnategg abide 

s ^ v v w * , , an 

ekctrnkkeik eonphng coefficient ff a formation factor b of the Ikrnmiion aad a 
mobility, he, a ratio dip of a pereteabbay id' the N e o over a viscosity of a 
tana svnhio the fbreaaiae, 

KtdlSdi i be permeability k raay easily be dedaeed kern the rube Ada and hoe; 
viscosity p. 



ee 
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vary with a frequency of the acoustic wave or of the elecmomagnefic ex.chbvg 
field. 

imtMS] VIG mn^mm m &%amh of m m&<>Tithn ixa vahutting cnaeaeteriaang 
pacatnetem of a tbrunnion sunavandmg a ;vvu-., according to an embodiment of 
the preseta invention. The algorithm of FIG, 7 may be executed by processing 

06156 values versa -< era ; 

inversion parameters are an ebeavkiaefic coupling coefficient 1, and a mobility, 
m ^ u o A a n 0 eera e.afrbp a' ike am na; o ; ■ ,um > s,mh> m j tm ( j v. earn 
the formation, Hosvevep the inversion parameters nam he any other parameter 
invoked in equations relating to electroklnetic phenomena. 

\ ayrnbeais selsmomlcctroontgnebc signal and a ayotkeais eleeiromagoeio- 
aisatk si a; .1 aa synbmsiaed (box 72} using the ah; ah values ch tb efra aokioetie 
coupling coefficient /.. i.e. a campling annai value, and the lam a I values oi the 
ratio x/by be. a mobility irhtka value. 

|<N>1 SS| A first oilman ear Dl is calculated between the synthesis seismo- 

second difference Of. is eakabatea heiweea hue synthesis aknavoiaagoeto-seisnfic 

hex N e 1 -c v k a 

may far example involve a least squares method, 

iOblSbf Hie first s Di is compared to a first pred c term in ad ihreshoki 11 
and the second ukfiovecv iff is cxmmnred to a second predetermined threshold T2 
(box 74a it the a m.Arm . 171 and the seearal difference 1)2 are respectively 
below the first predetermined threshold Ti and the second predetermined 
threshold I " It is considered that the values of the inversion parameters ate 



gcrmeaaang- sa tne tornnsnon over a-e aascosng ana ine va;ae o; lac esecuoatneuc 

w v sv\ 0 el , ^ >> V 

CMMbl Fhc syntbi < syndics * 

symposia ebaarioinggnaio-oeiaa'na signal, tbe eakoladng o.id.he first affferenee and 
of lbs;: second. dblercoaee, and the adboebng am repeated antd dsn first daberenee 
D! md he second ddTes-ence 1)2 drop pas sag bana ban ' >i rnn^a'vnoJ 
dc'cshold ' and die second g-eeona aao\* fa bo ^ T2. 

|bbHOs \ jo -onnx^iog os ;he c\-Vn- n a yo s ^\ ^ ea^a; , ^g* , . a->n et n* 
synthesis deohaniiagneto-aeisnyc signed, the nn . g of dsn ; : adkn n ^ sod 
o die >eeo sd g fh n nee, a.s d tin aehgesbng ■ ng be pes earn i fol aos gg an;; >■■■■ ■■.. , ; 

ieoddb \\e c a eie as * s , I N n * . • ann na: 



aseev eg- of dae hnaanidnn naag be eannsaeai asgnapayiea 
s i a e ad> 
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aoa taad pereaabdhy; and adeesaao ; 



eeq. 4} 

il aagida? frequency ay- a koeavn, as the ratio Avif and ilic 
) esdnoraaL. ihe aennadoa factor f aiay he deteradaed as : 

(eq. 5) 



a: \ • . \ 

resected in ; a h 7, The xeIsaKeelectroae*gnede aigaat cod 
asne- signal -re en oc.d simultaneous!) to evaluate die 
j coefficient L aod dec mobility ady 

ce,; or ee.ee steps oh ihe Jgo op !!r! roay be append to a single 



eeerneo.d ue ponoaeeerx 



ruciaao x proeayaa.eg ce uac aeoesue wave 



v wave, ay p a 



|CM1!S3| •• the Sameloy acoustic- wave produces both a seisnnneiecthe Stonekv 

- \ x , StO ,:kg W; 
pltidf The kaa koaghadieai aeoestk. wave and the slow ioaghadmsl acoustic wave 

v 0;0 U" s v. O \ ,i..!>00-, v. N o ^ s ,x v ^ ^ x to 

genomic an eleckie hold, 

d x d ... \ .. ecdx-seis ids? 

kaigdadkmi. -mom 3 rs v o - ^ w* . slow kmgitudhah signs; and aa electro- 
seisnde Snamiey signal are produced within, the ibrmatiom 
d V The syotheTaiag of a complete ago the sis , u ^ ^ , » sigauh ha. 

stgnah a syadwais saweu^wkwtraaoignetw slow bmghudenh signal a ggrdbasas 

Ston kg kgaal i vohvas ei tiveh complex caletdadoo whoa based on fhddehs 

|h#!ih| The symhesiamg tnay he simplified by ooasidehag only a single mode of 



ad 



, ol acoustic ^ 
l c \ : $ . ; 



:.u^omanou>"^$mic asgoab eg. the etociovvoenv 



& s i\ ot v.u I'vl'-vi. s * no ^ c o: 

L eg, -I see; i 



, thus involving a plural ivy of simplified caiouladona. 



■ considered. A ge:'0ve.o;s selxon^leemoorygeebe sine 
; syatbcaizsd irons tree mobility Initial value: and Irom the 

trvby to * mobility of tide -. longinsdbod acoustic wave 

tin; x \ N s > c \ " co n svi 

ic s io - o lis slow 



asy, a ^ 



Hie V. X " s v \ O 

uiagnebc slow longitudinal signal and a slow iuykiv! ponuoo of the 

The second difference is ealeedeaen between the syndesis eiectrnmagsnno- 
1 slow kingbedbnd signal aid a slow longitudinal portion of one rneasnred 
;n ago e or- so i em 1 e s 1 gn a f 

The loot difference and the second difference ore sebeenueoiiy compared to 
nodneel diresholds, as described in FIG, ?, The values of the inversion 

one aed en: - dbbevase. s ^ \ c- oepn on; eaknhuing 

=nlba f ' fas oeg o; ocn, dno providing on dorodve inversion 

* tor cbafaeterleing the formation, 

file test looubndoou wave, the boooeley reave and the shear wove nmy also 



fig parameters. 

xsshvehs a distinct method oiay be used to analyze the seismo- 



■xc $knm in the having c\ , of.' , di^ioseio;, 
« to not dep; rt roo 



scope oi u-c m $ o : 
hrvootsoo should be Mmi 
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